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Abstract 

BACKGROUND:  Historically,  emergency  physicians  and  trauma  surgeons  have  referred  to  a  systolic 
blood  pressure  (SBP)  of  90  mm  Hg  as  hypotension.  Recent  evidence  from  the  civilian  trauma  literature 
suggests  that  110  mm  Hg  may  be  more  appropriate  based  on  associated  acidosis  and  outcome  measures. 
In  this  analysis,  we  sought  to  determine  the  relationship  between  SBP,  hypoperfusion,  and  mortality  in 
the  combat  casualty. 

METHODS:  A  total  of  7,180  US  military  combat  casualties  from  the  Joint  Theater  Trauma  Registry 
from  2002  to  2009  were  analyzed  with  respect  to  admission  SBP,  base  deficit,  and  mortality.  Base 
deficit,  as  a  measure  of  hypoperfusion,  and  mortality  were  plotted  against  10-mm  Hg  increments  in 
admission  SBP. 

RESULTS:  By  plotting  SBP,  baseline  mortality  was  less  than  2%  down  to  a  level  of  101  to  1 10  mm  Hg, 
at  which  point  the  slope  of  the  curve  increased  dramatically  to  a  mortality  rate  of  45.1%  in  casualties  with 
an  SBP  of  60  mm  Hg  or  less  but  more  than  0  mm  Hg.  A  presenting  SBP  of  0  mm  Hg  was  associated  with 
100%  mortality.  The  data  also  established  a  similar  effect  for  base  deficit  with  a  sharp  increase  in  the  rate 
of  acidosis,  which  became  manifest  at  an  SBP  in  the  range  of  90  to  100  mm  Hg. 

CONCLUSIONS:  This  analysis  shows  that  an  SBP  of  100  mm  Hg  or  less  may  be  a  better  and  more 
clinically  relevant  definition  of  hypotension  and  impending  hypoperfusion  in  the  combat  casualty.  One 
utility  of  this  analysis  may  be  the  more  expeditious  identification  of  battlefield  casualties  in  need  of 
life-saving  interventions  such  as  the  need  for  blood  or  surgical  intervention. 

Published  by  Elsevier  Inc. 


The  most  substantial  clinical  problem  facing  physicians 
on  the  battlefield  is  the  identification  of  combat  casualties  at 
risk  for  continued  hemorrhage  and  the  potential  for  subse¬ 
quent  mortality.1,2  Fundamental  to  this  issue  is  the  knowl¬ 
edge  that  diagnostic  techniques  are  often  rudimentary  in  the 
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tactical  environment,  leading  physicians  to  rely  heavily  on 
their  innate  diagnostic  skill  along  with  simple  physiological 
measures  to  make  complex  clinical  decisions.  Prior  studies 
from  the  battlefield  have  noted  a  strong  correlation  between 
a  combination  of  several  admission  anatomic  and  physio¬ 
logical  measures  and  the  need  for  massive  transfusion.3 
However,  the  relevance  of  systolic  blood  pressure  (SBP) 
alone  as  a  predictor  of  outcome  or  necessity  for  intervention 
after  battlefield  injury  has  not  been  rigorously  studied. 

Because  of  its  simplicity,  blood  pressure  continues  to 
serve  as  a  persistent  indicator  for  early  diagnostic  and  ther¬ 
apeutic  decision  making  after  injury.  Current  standards  typ¬ 
ically  use  SBP  as  a  triage  tool  and  as  one  of  the  measured 
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values  to  determine  patient  injury  severity.  Furthermore,  the 
association  between  hypotension,  hypoperfusion,  and  poor 
outcomes  in  trauma  patients  are  well  described.4,5  Although 
hypotension  in  trauma  patients  often  is  defined  as  an  SBP  of 
90  mm  Hg  or  less,  little  data  exist  to  support  the  dogmatic 
adherence  to  this  arbitrary  value.  In  our  previous  study  of 
civilian  trauma  patients  using  the  National  Trauma  Data 
Bank  (NTDB),  we  were  able  to  corroborate  the  predictive 
value  of  admission  metabolic  acidosis  on  patient  survival. 
We  also  were  able  to  show  that  an  SBP  of  1 10  mm  Hg  after 
injury  was  associated  with  physiological  and  adverse  out¬ 
come  consequences.  The  value  of  110  mm  Hg  appeared  to 
be  the  uniform  inflexion  point  at  which  mortality,  metabolic 
acidosis,  complications,  length  of  stay,  intensive  care  unit  days, 
and  ventilator  days  all  increased.  The  implication  of  our  result 
suggested  the  insidious  evolution  of  shock,  with  attendant 
increases  in  injury-associated  complications,  which  was  inde¬ 
pendent  of  both  the  age  and  sex  of  the  patient.6 

The  premise  of  the  current  study  is  that  the  practice  of 
prehospital  and  initial  battlefield  medical  treatment  facility 
triage  of  the  combat  casualty  may  be  improved  significantly 
by  providing  a  more  liberal  definition  of  hypotension,  which 
in  turn  may  provide  an  earlier  and  better  indicator  of  blood 
volume  loss  and  impending  circulatory  collapse.  Therefore, 
we  hypothesized  that  physiological  hypoperfusion  and  mor¬ 
tality  outcomes  classically  associated  with  hypotension 
were  manifest  at  SBPs  greater  than  90  mm  Hg. 


Materials  and  Methods 

A  retrospective  review  of  patient  records  from  the  Joint 
Theater  Trauma  Registry  (JTTR)  was  analyzed  for  this 
study.  Records  consisted  of  patient  trauma  registry  data 
collected  from  military  medical  treatment  facilities  within 
Iraq  and  Afghanistan.  A  total  of  7,180  patient  records  from 


the  JTTR  from  2002  to  2009  with  emergency  department 
SBP,  base  deficit,  and  mortality  data  were  analyzed.  A  total 
of  16,476  individual  casualty  records  were  in  the  JTTR  at 
the  time  of  this  analysis.  Patients  with  moderate  to  severe 
traumatic  brain  injury  (Head  Abbreviated  Injury  Score  >3) 
were  excluded  from  the  analysis  to  limit  confounding  by 
neurologic  causes  of  hypotension.  Patients  also  were  ex¬ 
cluded  for  lack  of  any  requisite  data  element.  Analysis  was 
performed  on  SBP  relative  to  hypoperfusion  manifest  as  an 
increase  of  base  deficit  and  mortality  rate.  Summary  data 
were  plotted  and  filtered  using  window  average  filters  to 
decimate  peaks  in  the  resulting  dataset.  Inflection  points  in 
the  filtered  dataset  were  determined  by  calculating  the  data 
slope  for  each  point  in  the  filtered  data  set.  Average,  me¬ 
dian,  and/or  average  line  slope  estimation  filters  were  used 
to  generate  a  filtered  slope  set  for  each  variable.  All  filters 
were  executed  using  a  moving  window  across  values  in  the 
resulting  dataset  to  generate  the  filtered  results.  The  point  of 
inflection  in  the  final  data  set  was  determined  by  the  point  at 
which  the  filtered  slope  values  maintain  a  positive  slope  and 
do  not  cross  the  0  line. 


Results 

The  composite  dataset  showed  a  baseline  mortality  rate 
of  less  than  1%.  Figure  1  shows  the  plot  of  SBP  compared 
with  mortality  for  the  dataset.  These  data  were  notable  for  an 
initial  inflection  point  at  the  decile  of  101  to  110  mm  Hg.  The 
slope  of  the  line  at  SBP  below  this  point  had  an  initial  increase 
of  approximately  4%  in  mortality  for  the  next  decile  in  SBP 
followed  by  a  10%  increase  in  mortality  for  every  decrease  of 
10  mm  Hg,  with  a  maximum  of  33%  mortality  at  an  SBP  of 
61  to  70  mm  Hg.  Patients  with  measurable  SBP  less  than  60 
mm  Hg  had  a  mortality  rate  of  45%.  No  patient  without  a 
discernable  blood  pressure  survived.  In  the  analyzed  group 


Figure  1  Systolic  BP  and  mortality. 
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of  casualties,  486  (6.8%)  presented  with  a  SBP  of  100  mm 
Hg  or  less;  whereas  6,694  casualties  presented  with  an  SBP 
of  greater  than  100  mm  Hg. 

Figure  2  shows  SBP  compared  with  base  deficit.  At  101 
to  110  mm  Hg  the  slope  of  the  curve  began  a  sustained  and 
significant  increase.  The  resultant  composite  perfusion  def¬ 
icit,  as  indicated  by  a  change  in  the  slope  of  base  deficit 
curve,  increased  steadily  above  baseline  of  1.5. 


Comments 

Current  trauma  triage  relies  on  abnormal  physiological 
criteria  to  determine  the  patient’ s  mode  of  transport,  priority 
of  treatment,  destination  for  treatment,  injury  severity,  mor¬ 
tality,  and  need  for  possible  life-saving  interventions.  How¬ 
ever,  the  physiological  portion  of  most  of  these  existing 
triage  tools  is  based  on  the  presence  of  abnormal  vital  signs 
in  the  patient,  particularly  an  SBP  of  90  mm  Hg  or  less. 
Common  vital  signs  are  used  because  these  measurements 
usually  are  readily  obtainable  at  the  site  of  injury  and 
therefore  may  provide  a  snapshot  of  patient  stability. 
However,  such  an  assumption  is  problematic  because  the 
physiology  of  the  trauma  patient  suffering  from  severe  hem¬ 
orrhage  is  often  dynamic  and  may  not  reflect  the  true  degree 
of  hypoperfusion  present  owing  to  normal  physiological 
compensatory  mechanisms.  Furthermore,  previous  literature 
has  shown  that  significant  hypoperfusion  occurs  in  hypovo¬ 
lemic  laboratory  experiments  as  well  as  in  blunt  and  pene¬ 
trating  trauma  patients  despite  normal,  standard  vital 
signs,  especially  in  young  healthy  patients.7,8  Compensa¬ 
tory  mechanisms  allow  significant  reductions  in  central  cir¬ 
culating  blood  volume,  stroke  volume,  and  cardiac  output  to 
occur  well  before  changes  in  arterial  blood  pressure.  Such 
physiological  compensations  can  thus  mask  the  true  nature 
and  severity  of  many  traumatic  injuries,  leading  to  under¬ 
appreciation  of  the  severity  of  injury,  under-triage,  and  an 
increased  mortality  rate.  In  fact,  an  SBP  of  90  mm  Hg 


signifies  impending  cardiovascular  collapse  and  under¬ 
scores  the  necessity  for  improved  indicators  to  improve 
triage  and  initiate  early  intervention  strategies  to  improve 
postinjury  mortality.9  Although  an  initial  SBP  of  90  mm  Hg 
or  less  has  been  shown  previously  to  provide  higher  sensi¬ 
tivity  and  better  specificity  for  prediction  of  mortality  and 
outcome  than  most  traditional  vital  signs  (respiratory  rate, 
heart  rate,  and  so  forth),10-14  more  sensitive  markers  of 
acute  hypoperfusion  are  needed  if  hemorrhage  and  circula¬ 
tory  shock  are  to  be  recognized  in  its  early  stages  when 
life-saving  interventions  are  most  likely  to  be  successful. 

Our  analysis  of  the  combat  injury  data  suggest  that  an 
SBP  of  100  mm  Hg  or  less  is  associated  with  the  initiation 
of  physiological  perturbations  and  outcome  consequences. 
This  result  is  entirely  consistent  with  our  previous  work  on 
the  civilian  population.  We  postulate  that  the  lower  SBP 
associated  with  acidosis  and  mortality  in  the  current  study  is 
reflective  of  the  attributes  of  the  military  population  who  are 
generally  younger  and  healthier  and  have  greater  physio¬ 
logical  reserve  than  the  composite  civilian  cohort.  In  fact, 
the  cohort  of  combat  casualties  studied  was  largely  from  the 
combat  arms  community.  Because  of  the  nature  of  being 
constantly  in  harm’s  way  on  combat  missions,  these  war¬ 
riors  are  generally  supremely  conditioned,  much  akin  to  a 
world-class  athlete.  To  illustrate  a  similar  point  from  our 
prior  analysis,  the  SBP  of  the  composite  group  showed  that 
the  blood  pressure  inflection  indicative  of  hypoperfusion 
and  mortality  was  110  mm  Hg.  However,  when  stratified  by 
age,  patients  who  were  age  43  and  older  had  hypotension 
defined  as  117  mm  Hg,  whereas  patients  younger  than  age 
43  showed  hypotension  at  108  mm  Hg.6 

To  more  comprehensively  sustain  our  contention  relative 
to  the  importance  of  liberally  defining  hypotension,  there 
have  been  a  few  contemporary  series  in  the  civilian  trauma 
environment  that  have  highlighted  the  lack  of  clinical  sub¬ 
stance  to  support  90  mm  Hg  as  a  physiologic  definition  of 
shock.15-19  In  a  study  of  19,409  injured  patients,  Arbabi  et 
al16  stratified  patients  by  30-mm  Hg  increments  and  showed 
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a  baseline  mortality  rate  of  approximately  5%  and  a  similar 
incremental  increase  in  mortality  with  decreasing  SBP.  In  a 
hallmark  study,  Franklin  et  al17  evaluated  the  impact  of 
prehospital  hypotension  in  a  cohort  of  299  injured  patients 
with  at  least  one  documented  episode  of  field  or  emergency 
department  hypotension  (SBP,  <90  mm  Hg),  as  a  valid 
indicator  of  trauma  team  activation.  In  this  series,  patients 
with  field  and  emergency  department  hypotension  had  an 
emergent  surgical  indication  in  79%  of  patients  with  a 
mortality  of  44%.  Hypotension  was  presented  as  an  impor¬ 
tant  predictor  of  outcome,  but  not  defined  further.  In  2,071 
injured  patients  requiring  exploratory  laparotomy  with  gas¬ 
tric,  small-bowel,  and/or  diaphragm  injuries,  Edelman  et 
al19  showed  a  baseline  mortality  rate  of  patients  with  an 
SBP  of  110  mm  Hg  or  greater  that  was  less  than  1%; 
however,  it  increased  to  5%  in  the  population  with  an  SBP 
between  90  and  110  mm  Hg.  Concomitant  with  this  increase 
in  mortality  were  significant  increases  in  length  of  stay  and 
infection. 

Our  study  had  notable  limitations.  The  data  used  for  our 
analyses  were  derived  from  the  JTTR.  By  its  nature,  the 
JTTR  has  a  number  of  inherent  limitations,  including  its 
basis  as  a  composite  registry  of  numerous  military  medical 
treatment  facilities  collected  across  the  continuum  of  casu¬ 
alty  evacuation  under  challenging  environmental  and  situa¬ 
tional  circumstances.  Any  potential  deficiencies  in  these 
contributing  entities  are  reflected  in  the  overall  database. 
Other  potential  limitations  of  the  JTTR  include  data  valida¬ 
tion  because  of  the  size  of  the  database,  output  issues  asso¬ 
ciated  with  nonsystematic  sampling,  and  selection  and  in¬ 
formation  bias.  Specifically,  patients  also  were  excluded 
from  our  analysis  for  lack  of  any  requisite  data  element. 
Therefore,  only  7,180  of  16,476  (43.6%)  casualties  in  the 
JTTR  were  available  for  analysis.  The  most  frequently  miss¬ 
ing  data  elements  causing  exclusion  was  base  deficit. 

As  in  our  previous  study,  we  also  must  acknowledge 
that  the  current  investigative  effort  has  several  other 
important  limitations  not  intrinsically  related  to  the  da¬ 
tabase.  First,  this  analysis  was  based  on  the  first  SBP  in 
the  emergency  department  and  thus  the  same  threshold 
may  not  be  applicable  to  the  prehospital  setting.  Similar 
to  the  NTDB,  the  JTTR  dataset  is  restricted  by  the  lack  of 
prehospital  times  and  resuscitative  fluid  volumes.  An¬ 
other  potential  limitation  of  our  study  was  blood  pressure 
measurement  itself.  Many  emergency  departments  in  de¬ 
ployed  medical  treatment  facilities  use  automated  blood 
pressure  recording  devices  for  SBP  measurement.  Previ¬ 
ous  investigations  have  shown  a  propensity  for  auto¬ 
mated  devices  to  overestimate  the  true  manual  blood 
pressure  by  approximately  10  mm  Hg.20,21 


Conclusions 

Our  current  analysis  illustrates  an  SBP  of  100  mm  Hg  or 
less  to  be  a  more  clinically  relevant  definition  of  hypoten¬ 


sion  and  hypoperfusion  than  90  mm  Hg  in  the  combat- 
wounded.  We  emphasize  that  this  value  cannot  be  consid¬ 
ered  in  isolation  owing  to  the  overall  lack  of  predictive 
value  of  the  SBP  measure.  Furthermore,  this  should  not  be 
interpreted  as  an  end  point  of  resuscitation,  but  rather  a 
more  liberal  set  point  for  a  heightened  index  of  suspicion 
that  the  battlefield  casualty  may  require  more  expeditious  or 
comprehensive  diagnostics  to  exclude  significant  injury  or 
hasten  therapy,  such  as  blood  transfusion  or  surgical  inter¬ 
vention.  This  analysis  further  serves  to  establish  that  the 
development  of  new  approaches  for  the  prediction  and  early 
detection  of  shock  in  military  casualty  patients  continues  to 
be  a  priority. 
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